Abstract. Species' range limits can be caused by environmental gradients, and in such cases, abundance is thought to be highest in the center of a species range and decline towards the edge (the abundant-center model). Although in theory decreased abundance is caused by a decline in performance at the edge, it has been shown that performance and abundance are not necessarily related. Few studies have compared abundance and performance in center and edge populations of endemic species, whose ranges may be restricted by the availability of specialized habitat rather than environmental gradients across their range. Additionally, range-wide studies that examine both northern and southern edge populations are rare. We used Roan Mountain rattlesnake-root (Prenanthes roanensis), a perennial plant endemic to the Southern Appalachians (USA), to compare abundance and performance between central populations and populations at the northern and southern edges of the range. To account for multiple fitness components across the life cycle, we measured performance of edge populations as vital-rate contributions to population growth rate compared to the center. Abundance did not decline at the range edge, but some vital-rate contributions were lower in edge populations compared to central populations. However, each edge population differed in which vital-rate contributions were lower compared to the center. Our results do not support the abundant-center model, and it appears that local factors are important in structuring the range of this endemic species. It is important to recognize that when implementing conservation or management plans, populations in close proximity may have substantial variation in demographic rates due to differences in the local environment.
INTRODUCTION
It has been more than 150 years since Darwin mused on the nature of species' geographic distributions (Darwin 1859 ), yet today the question of what limits a species' range is still a central question in ecology. The observation that many species decline in abundance from the range center to the range edge suggests that environmental gradients are important in structuring a species' range at a landscape scale (Brown 1984) . For example, temperature gradients have been found to be correlated to the distribution of beech species (Fagus sp.) in Asia, Europe, and North America (Fang and Lechowicz 2006) , and both lower temperature and precipitation are associated with reduced population performance of Clarkia xantiana at its range edge (Eckhart et al. 2011) . Where broad environmental gradients are important for defining the range of a species, the abundant-center model (ACM) suggests that abundance is highest in the center of a species' range where habitat quality is highest and declines towards the edges of the range where habitat quality is lower (Hengeveld and Haeck 1982 , Brown 1984 , Brown et al. 1996 . However, support for the ACM has been equivocal (Sagarin and Gaines 2002) , and there is evidence that species' ranges are often structured in a more complex manner (Sagarin et al. 2006) .
In theory, reduced abundance at the edge should be a result of a decrease in demographic parameters such as survival or reproduction (Lawton 1993) , and several studies support this (Jump and Woodward 2003, Vaupel and Matthies 2012) . However, a number of other studies have failed to find reduced performance at the edge (Gilman 2005 , Kluth and Bruelheide 2005 , Lester et al. 2007 , Yakimowski and Eckert 2007 . One reason may be that high abundance in the center may incur strong density dependence, causing a decrease in survival or reproduction in center populations and resulting in similar performance estimates across the range. Alternatively, temporal variation in population performance may be more important than mean performance (Angert 2009 , Gerst et al. 2011 ; thus, discrepancies in performance between the center and edge may only be noticeable in poor years (Nantel and Gagnon 1999 Additionally, it is unclear whether the ACM is applicable to endemic species that occupy narrow ranges that generally do not vary substantially in temperature or precipitation. Although shallow temperature or precipitation gradients could limit the range of a species with a narrow climatic niche, there is little evidence to support the idea that endemic species have narrower physiological tolerances than more widespread species (Kruckeberg and Rabinowitz 1985) . Instead, endemic species are often habitat specialists and restricted to small ranges due to the availability of habitat (e.g., Maliakal-Witt et al. 2005 ). However, too few studies have been conducted on endemic species to determine the applicability of the ACM to this group.
Our objective was to determine whether abundance and performance of an endemic species decline at the range edge. We measured population growth rate in edge and center populations to capture multiple fitness components across an organism's life cycle. The geometric mean population growth rate is not expected to deviate substantially from 1 for populations that have been in long-term existence. However, population growth rate comparisons can be decomposed into contributions from each vital rate using a life-table response experiment (Caswell 2001) , demonstrating whether vital-rate contributions to the observed population growth rates differ between the center and edge.
An additional objective of this study was to determine whether similar demographic processes contribute negatively to all edge populations. It is likely that different range edges arise from different limitations (MacArthur 1972 , Brown et al. 1996 , and, therefore, vital-rate contributions to population growth rates at one range edge compared to the center should differ from one another. However, few studies have examined this, likely due to the logistical challenges inherent in measuring multiple range edges (but see Stanton-Geddes et al. 2012) . Similarly, it is unclear whether multiple populations at the same range edge will have similar vital-rate contributions compared to the center. A recent study suggested that variation in vital rates between populations in close proximity can be quite large . By comparing negative vital-rate contributions between populations at the northern and southern edges as well as between populations within one range edge, we can determine whether the same vital rates are affected by all edge conditions or, at the other extreme, whether local conditions influence vital rates differently in all edge populations.
We compared the population dynamics of edge and central populations of Roan Mountain rattlesnake-root (Prenanthes roanensis), one of several Southern Appalachian (USA) endemic plants. We measured abundance and used four years of field data to estimate population growth rates in grassy bald populations at the northern edge, center, and southern edge of the range to determine if vital-rate contributions differ between the center and edge populations. We employed integral projection models (IPMs) to estimate population growth rates, which incorporate life stages based on a continuous trait by integrating the probability of survival and reproduction over the range of plant sizes (Easterling et al. 2000, Ellner and Rees 2006) . This is valuable for modeling organisms such as monocarpic plants, where size is an important determinant of vital rates such as survival and reproduction (Metcalf et al. 2003) . Specifically, for this endemic species, we asked (1) Do edge populations have lower abundance as expected under the ACM? (2) Are there declines in some vital-rate contributions in edge populations compared to center populations? (3) Are any declines in vital-rate contributions similar across both northern and southern edge populations? and (4) Are any declines in vital-rate contributions similar among both populations within a range edge?
MATERIALS AND METHODS

Study species
Prenanthes roanensis is a short-lived perennial composite endemic to high elevation mesic forests and grassy balds in the Southern Appalachians (Fig. 1) . In our present study we focus on examining its range-wide distribution across balds. Notably, it is absent from several grassy balds at the southern edge of its range (e.g., Cheoah Bald, Hooper Bald) (M. Aikens, personal observation) and high-elevation meadows north of its range in West Virginia and Virginia (USA).
P. roanensis has two distinct life stages: a nonreproductive stage characterized by a rosette and a reproductive stage in which the rosette is replaced by a bolting stem. Reproductive plants generally begin bolting by late May, flower in late August to early September, and set seed in October. Germination of seeds occurs in spring, after a requisite cold stratification, and there is little evidence of a multiyear seed bank (M. Aikens, personal observation). Transitioning from the nonreproductive to the reproductive stage also requires vernalization, though plants may overwinter several times before becoming reproductive. Because the plant has a thickened taproot, damage to the aboveground vegetation can result in death or the plant may become dormant for the remainder of the year, and leaves may reappear the following year. Additionally, the taproot can break apart and give rise to new individuals asexually. Thus, although the ramet is monocarpic, the genet may be polycarpic.
Data collection
In June 2009 we set up six demographic sites across the major axis of the range of P. roanensis. Two sites were located at the southern edge of the range (Bob Bald and Oak Knob), two sites were located approximately in the center of the range (Roan Massif and Big Bald), and two sites were located at the northern edge of the range (Whitetop and Mt. Rogers) (Fig. 1) . In choosing our sites, we were aware of approximately 10-15 populations of P. roanensis in grassy bald habitat across its range. The northernmost edge of the distribution contained only two grassy balds, Whitetop and Mt. Rogers, and we used both sites. There were several balds on which P. roanensis was found at its southern edge, but only two were located along its major axis of distribution: Bob Bald and Oak Knob. Finally, although there were several populations we could have chosen for the center, we were primarily limited by permitting regulations to Big Bald and Roan. All sites were located in open, grassy habitat between 1580 and 1710 meters in elevation. Detailed site descriptions are given in Appendix A.
Three 50-m 2 plots were created at least 20 m apart at five of the six sites. Only one 147-m 2 plot was established at Oak Knob due to management regulations. Each plot was subdivided into 1-m 2 subplots. Within each of the three plots at a site, we randomly chose 8-10 subplots in which to measure abundance (27-30 measurements per site). We placed a 0.35-m 2 hula hoop in the center of each subplot and counted the number of individuals within it to measure density, and we also calculated the frequency of occurrence among subplots at a site.
In each subplot we used wire rings to tag 1-2 individuals of P. roanensis based on randomly chosen coordinates from within the subplot. We wanted to capture yearly transitions of larger plants, despite the fact that these plants were relatively rare in the populations, so in half of the subplots within a plot we We measured size on all tagged plants twice a year from 2009 through 2012: during a spring census in late May or early June and during a late-summer census in late August or early September. On nonreproductive plants we measured the length of the largest leaf to 0.1 cm precision; P. roanensis has a taproot that is likely to influence survival and reproduction, and length of the largest leaf was a better predictor of underground biomass than other leaf measures (r 2 ¼ 0.58, F 1,23 ¼ 32.11, P , 0.0001). We used basal stem diameter as the size measurement for reproductive individuals because the rosette disappears when individuals become reproductive. We used digital calipers to measure stem diameter at the base of the plant to 0.01 mm precision. In the late-summer census we counted the number of reproductive heads on each reproductive plant to estimate fecundity (see Plate 1). We collected 16-22 reproductive heads at each site in October, except for Oak Knob in 2011 when only 13 reproductive heads were collected due to weather. We used these samples to determine the average number of seeds per head for each site, which was multiplied by the number of heads on a plant to estimate the number of seeds per plant at each site. To estimate the probability of a reproductive individual transitioning back to a nonreproductive state through taproot survival, we made the assumption that any nonreproductive individual within 2 cm of a formerly reproductive plant's wire ring was the same marked individual.
We also measured seed to seedling establishment at each site for 2009-2010 and 2010-2011 . In the late summer of 2009, six germination plots were created at each site using PVC pipe (15.24 cm diameter) cut into 15-cm segments that were sunk into the ground. In the late summer of 2010 we added six new germination plots to each site in a similar manner. Each demographic plot had two associated germination plots, a control and a seed plot, placed nearby. We covered all PVC germination plots with aluminum mesh (approximately 16 3 16 cm) to prevent early seed rain from landing in these plots. In October of 2009 and 2010 we haphazardly collected seeds from 25 nearby plants and placed 4 seeds from each plant into each of the three seed plots at a site (100 seeds total per seed plot). No seed was added to control plots in order to determine whether germination from a seed bank would influence germination estimates from seed plots. We re-covered the seed plots with mesh until the spring census. In spring of 2010 and 2011 we counted and marked all germinants in control and seed plots. In the late-summer census any new germinants were recorded. Several germination plots disappeared during the course of the experiment or their mesh covering was damaged. In 2010 two seed plots and one control plot were not used in the analyses for Big Bald. In 2011 one control plot at Mt. Rogers and one control plot at Whitetop were not used in the analyses.
Data analysis
Abundance.-We estimated frequency of occurrence at a site by dividing the number of subplots in which at least one individual was observed by the total number of subplots measured at a site. A chi-square test was conducted to determine whether frequency differed among the six sites.
Only subplots in which at least one individual was present were included in density analyses. Density was transformed using the natural logarithm in order to meet assumptions of normality and homogeneity of variance. Homogeneity of variance was assessed with the Brown-Forsythe test. To determine whether density differed by site, we conducted a one-way ANOVA followed by Tukey's post hoc pairwise tests. All statistical analyses were conducted in R version 2.15.1 (R Development Core Team 2012).
Integral projection model.-We used integral projection models (IPMs) to calculate population growth rates and to conduct life-table response experiments for the six sites based on annual censuses. We combined two continuous size-based stages, nonreproductive and reproductive, with one discrete stage, dormant, to create a lifecycle diagram for P. roanensis (Fig. 2) . Only eight individuals transitioned from dormant to reproductive over the time period of this study (5% of dormant plants), thus we did not include a dormant-to-reproductive transition. Likewise, because only 15 individuals flowered two years consecutively (1.7% of reproductive plants), we did not include a reproductive-to-reproductive transition. Finally, due to the short time period of this study, we made the assumption that individuals that were missing for more than one year were dead rather than dormant. Thus, there is no stasis within the dormant class.
We incorporated three equations that estimate the number of nonreproductive (n), reproductive (r), and dormant (D) plants into integral projection models of population dynamics following Jacquemyn et al. (2010) . The number of nonreproductive plants of size x 2 in year t þ 1 depends on the number of nonreproductive plants of size x 1 that remain nonreproductive (Eq. 1a), the number of reproductive plants of size z 1 that transition back to nonreproductive through breakup and survival of the taproot (Eq. 1b), the number of dormant plants that become nonreproductive (Eq. 1c), and the fecundity of reproductive plants of size z 1 (Eq. 1d) where the parameters are defined in Table 1 and the equation numbers refer to life-cycle transitions in Fig. 2 . The number of reproductive plants of size z 2 in year tþ1 depends on the number of nonreproductive plants of size x 1 that become reproductive and survive to time of flowering in late summer (Eq. 2):
The number of dormant plants in year t þ 1 depends on the number of nonreproductive plants of size x 1 (Eq. 3a) and the number of reproductive plants of size z 1 that become dormant (Eq. 3b)
Model parameterization.-We parameterized IPMs for each site using the field data. All nonreproductive functions were fit using the natural logarithm of length of the largest leaf to meet the assumption of homogeneity of variance. All reproductive functions were fit using the square root of basal stem diameter to meet normality and homogeneity-of-variance assumptions. Details of the model-fitting process can be found in Appendix B and Table 1 .
Population growth rates and life-table response experiment.-We used the parameterized IPMs to calculate the population growth rate for each site. The numerical solution to the IPM was estimated following the midpoint rule (Easterling et al. 2000, Ellner and Rees 2006) . We used 50 mesh points for nonreproductive size and 50 mesh points for reproductive size; increasing and decreasing the number of mesh points did not alter the population growth rate. Integrals were taken over a range corresponding to 1.1 times the maximum plant size across all range positions and 0.9 times the minimum plant size across all range positions.
We calculated 95% confidence intervals for population growth rate by bootstrapping the data 2000 times. We randomly sampled observations with replacement within each population and year, keeping the total number of observations for each population-year combination the same as the original data set. We then refit the size-dependent vital-rate models to obtain new parameter estimates and used these new estimates to calculate the population growth rate.
A life-table response experiment (LTRE) was conducted to decompose the variation in population growth rate between the center and the edge populations into contributions from each vital rate. Because we were interested in comparing each edge population to the center, we used a fixed-design experiment with the center population as a reference matrix to calculate the contribution of each vital rate (Caswell 2001) : Kuss et al. 2008) .
RESULTS
Abundance
The frequency of plant (Prenanthes roanensis) occurrence within the plots was significantly different among sites (v 2 ¼ 18.91, df ¼ 5, P , 0.01) (Fig. 3a) . However, edge sites generally had frequencies similar to or greater than frequencies in center sites. Similarly, plant density was significantly different among sites (F 4, 126 ¼ 10.90, P , 0.001), but edge sites did not necessarily have lower density (Fig. 3b) .
Vital-rate functions
The number of seeds per reproductive head and seedling establishment varied by population (Appendix B: Fig. B1 ). Although there was some yearly variation in the number of seeds per reproductive head, the southern populations always had fewer seeds per head within a given year than other regions (Appendix B: Fig. B1a ). Seedling establishment varied considerably among populations and years (Appendix B: Fig. B1b ). Oak Knob (south) had the lowest seedling establishment rates while Big Bald (center) and Bob Bald (south) had the highest rates. Although we did observe some P. roanensis individuals in germination control plots, this was generally uncommon (mean seedling establishment rates across sites and years: 0.0079 6 0.0036 [mean 6 SE]), indicating most seedling establishment in seed plots was likely from the seeds we planted. Lastly, seedling size, based on small nonreproductive individuals, was largely similar among all populations (Appendix B).
All vital-rate functions were size dependent except for reproductive survival, reproductive dormancy, and growth of reproductive plants to nonreproductive plants (Appendix B ; Fig. 4 ). The probability of survival of nonreproductive plants (Fig. 4a) , the probability of flowering (Fig. 4c) , and the number of seeds produced (Fig. 4d ) all significantly increased with size, but this relationship varied by site. The probability of dormancy significantly decreased with nonreproductive plant size across all sites (Fig. 4b) . Size also predicted growth within the nonreproductive size class (Fig. 4e) and growth of nonreproductive individuals to reproductive individuals (Fig. 4f ) . The relationship between nonreproductive size at time t and time t þ 1 differed by population, but the relationship between nonreproductive and reproductive size was similar between populations, differing only in intercepts. Intercept and slope parameter values are included in Appendix B.
Population growth rates
Population growth rates varied from 0.75 to 1.26 (Fig.  5a ). The central sites and one northern site (Whitetop) had the highest population growth rates, though there was considerable overlap of confidence intervals between most populations. Mt. Rogers had the lowest population growth rate and was the only population with 95% confidence intervals ,1, indicating it is declining.
Life-table response experiment (LTER)
Sensitivities of each parameter value were similar among all four edge populations (Fig. 5b) . Seedling establishment had the highest sensitivity in all edge populations, followed by both parameters for nonreproductive plant growth. In contrast, the LTRE showed very few similarities between the four edge populations (Fig. 5c) . Except for seedling size and flowering, vitalrate contributions to the variation in population growth rate with the center differed in sign as well as magnitude between populations and often differed between edge populations located in the same region of the range. In the southern edge populations, seedling establishment contributed negatively to the observed population growth rate at Oak Knob in comparison to the center, but nonreproductive plant growth had the largest negative contribution at Bob Bald. In the north, reduced fecundity was responsible for the lower population growth rate at Mt. Rogers. Whitetop showed a large negative contribution from nonreproductive plant growth, due to the small size of plants at that site, offset by a large positive contribution from high nonreproductive plant survival rates. Overall, we found the first-order approximations to be adequate for the LTRE analysis; the sum of vital-rate contributions and the population growth rate of the reference matrix were within 1% of the population growth rate of each edge population. FIG. 4 . Size-dependent vital-rate functions for six P. roanensis populations: (a) probability of nonreproductive plant survival, (b) probability of a nonreproductive plant becoming dormant (pooled across sites), (c) probability of flowering, (d) fecundity, (e) nonreproductive plant size in year t vs. year t þ 1, and (f ) nonreproductive plant size in year t vs. reproductive plant size in year t þ 1. For each panel, original measurements (before square-root or log transformation) were made in cm or mm, as appropriate. For panels (a), (b), and (c), we show probabilities of the means of equal-sized bins of plant size (20, 100, and 30 bins, respectively), but the analyses were conducted on the binary data.
DISCUSSION
The abundant-center model (ACM) predicts edge populations will have lower abundance than central populations (Hengeveld and Haeck 1982 , Brown 1984 , Brown et al. 1996 . Stemming from the ACM, performance is also predicted to decline at the range edge (Lawton 1993) , but performance and abundance are not always related (Gilman 2005) . Our results do not support the prediction that abundance is lower at the range edge. Frequency and density were lower in some edge populations, but other edge populations had values similar to or greater than central populations (Fig. 3) . Although we did not find lower abundance at the edge, we did find performance declines in edge populations compared to center populations for a number of vital rates (Fig. 5c) . In most cases, lower vital-rate contribu- FIG. 5 . Growth rates and life-table response experiments (LTRE) of vital-rate parameters: (a) population growth rates of the six Prenanthes roanensis populations, (b) sensitivities of each vital-rate slope and intercept parameter for the midpoint matrices between each edge population and the center, and (c) vital-rate contributions for the four edge populations compared to the center. Error bars represent 95% confidence intervals from bootstrapping. Abbreviations: NR S, nonreproductive plant survival; NR G, nonreproductive-to-nonreproductive plant growth; F, flowering; R G, nonreproductive-to-reproductive plant growth; R SS, survival of reproductive plants to first flower; Sds, fecundity; Est, seedling establishment; Sdl, seedling size; R S, reproductive plant survival; Int, intercept; Sl, slope.
tions in edge populations were compensated for by an increased contribution from flowering probability compared to the center, resulting in population growth rates close to 1 and similar to center populations when the confidence intervals are taken into account (Fig. 5a ). Our results, therefore, generally concur with our expectations for growth rates of populations that have been in long-term existence.
The one exception was Mt. Rogers in the north, which had a population growth rate well below 1, largely due to fecundity. Low fecundity at Mt. Rogers is likely a consequence of intense herbivore pressure by wild ponies on reproductive plants. Evidence of wild pony grazing was observed in all three plots at Mt. Rogers (M. Aikens, personal observation), and reproductive individuals of Prenanthes roanensis show damage due to grazing. An estimate of population growth rate in the experimental absence of herbivores is above 1, indicating herbivores play a large role in the decline of this population (M. Aikens, unpublished data). Mt. Rogers has a large areal extent of open, grassy habitat (kilometers in size) that supports multiple populations of P. roanensis. Therefore, our study population may be sustained by immigration from nearby populations protected from wild pony grazing, or populations at Mt. Rogers may regularly go extinct from intense grazing, while the larger metapopulation subsists through regular colonization events.
There was a tremendous amount of variability in which vital-rate contributions differed between each edge population compared to the center, and there were no similarities in vital-rate declines between all edge populations (Fig. 5c.) . In particular, the amount of variation in vital-rate contributions between edge populations in the same region of the range was surprising, given how close the populations are to each other. Few life-table response experiment (LTRE) analyses have been conducted at such fine spatial scales. In one study, marginal populations of Mimulus had similar vital-rate contributions (Angert 2006 ). In contrast, another study found that vital-rate contributions varied substantially between sites in the same region . The importance of local site factors over regional climatic conditions in contributing to the spatial variation in vital-rate contributions to observed population growth rates in our P. roanensis populations may be due to their mountaintop locations. Differences in aspect, slope, and soils can create unique microclimates and may be responsible for altering vital rates such as seedling establishment, nonreproductive survival, and nonreproductive growth.
The grassy balds themselves are specialized habitat, and variation in their history and management may be a major contributor to local population dynamics. The origins of the Southern Appalachian grassy balds are largely unknown (Wells 1956 , Whittaker 1956 , Mark 1958 , Weigl and Knowles 1995 . However, the occurrence of shade-intolerant northern disjunct species, such as Sibbaldiopsis tridentata and Packera schweinitziana (Appendix A), on several grassy balds suggests that some balds may have been open since the Pleistocene (Weigl and Knowles 1995) . Other grassy balds, though, are anthropogenic in origin and were maintained through elk, deer, or livestock grazing (Lindsay and Bratton 1979) . Interestingly, the three grassy balds in this study with the highest frequencies, densities, and population growth rates (Whitetop, Roan, and Big Bald) contained northern disjunct species in the plots (sum of S. tridentata and P. schweinitziana percent cover: 55.0%, 7.5%, and 29.3%, respectively; SD: 27.2%, 20.5%, and 26.3%, respectively; n ¼ 12 at each site, Appendix A), suggesting these sites may be relicts of the Pleistocene. In contrast, disjuncts were absent from the other three study sites, one of which (Mt. Rogers) is known to have been created by overlogging and wildfire in the early 1900s. Although we can only speculate, population growth of P. roanensis may be higher where it has occurred for a longer evolutionary period and lower in man-made grassy balds where it has more recently colonized. Unfortunately, with only six sites our sample size is too small to conduct a meaningful statistical test. Additionally, management can influence population dynamics (Menges and Dolan 1998) , but there is a lot of variability in management among our six sites (Appendix A), so it is difficult to associate management practices with any of the demographic PLATE 1. Reproductive heads on Prenanthes roanensis. The coarse hairs and dark phyllary tips are distinguishing characteristics of this species. Photo credit: M. L. Aikens. parameters we calculated. Overall, the different historical origins, community composition, and current management practices are likely to play a role in the variation in population dynamics observed among sites and be important in determining abundance and performance.
In the case of endemic species, the spatial distribution of specialized habitat or the local conditions within the habitat may have a greater impact on patterns of abundance and performance than more broad-scale environmental gradients that give rise to the ACM. For example, a study on Leavenworthia stylosa, a plant endemic to cedar glades in Tennessee, failed to find reduced density or reduced reproductive output in edge populations, and, furthermore, found that the abundance of populations was more closely associated with the distribution of cedar glade habitat than with position within the range (Dixon et al. 2013) . In Brazil the occurrence of sandy soil had a greater effect on patterns of abundance of the endemic shrub Coccoloba cereifera than did position within the range (Ribeiro and Fernandes 2000) . In our study it does not appear that the distribution of grassy bald habitat limits the range of P. roanensis, but, rather, local conditions within the grassy bald habitat are more important in determining the distribution, abundance, and performance of this endemic species.
Narrow endemics, by virtue of their small range size, are regarded as more vulnerable to extinction. Loss of even a small number of populations can result in a considerable proportional loss. Our results suggest that identifying populations at risk of extinction may be difficult, as not only does population growth rate and performance vary without respect to geographic range position, but they also vary substantially at small spatial scales. This small-scale variability implies that these environments, though in close proximity, are distinctive. Because population dynamics vary by site rather than by range position, demographic data on individual populations of interest will provide the most accurate assessments of extinction risk and will best inform management practices.
